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BATTERY CONTAINING FIBROUS MATERIAL 
TECHNICAL FIELD 

The invention relates to batteries, such as lead acid batteries, that contain 
fibrous material, as well as methods of making and using such batteries. 
5 BACKGROUND 

Batteries are commonly used as energy sources. Typically, a battery includes a 
negative electrode (anode) and a positive electrode (cathode). The anode and cathode 
are often disposed in an electrolytic solution. During discharge of a battery, a chemical 
reaction can occur that oxidizes an active anode material and reduces an active cathode 
10 material. During the reaction, electrons flow from the anode to the cathode, and ions in 
the electrolytic solution flow between the anode and the cathode. Certain batteries can 
be recharged by running the chemical reaction in reverse. 

One type of battery is a lead acid battery. In a lead acid battery, lead is usually 
an active anode material, and lead dioxide is usually an active cathode material. 
Generally, lead acid batteries also contain sulfuric acid, which serves as an electrolyte 
and participates in the chemical reaction. A typical discharge reaction for a lead acid 
battery reaction is: 

Anode: Pb(s) + HS0 4 -(aq) PbSO^ + H 1 - + 2e 

20 Cathode: PbO ? (s) + 3H+ faq) + HSOdVacrt + 2e -> Phsry g )+ 

Net: Pb(s) + Pb0 2 (s) + 2HVD + 2HS0 4 (aq) 2PbS0 4 (s) + 2H 2 0 

SUMMARY 

The invention relates to batteries, such as lead acid batteries, that contain 
25 fibrous material, as well as methods of making and using such batteries. Fibrous 

material refers to a material formed of fibers. A fiber refers to an entity having a ratio 
of length to diameter (i.e., aspect ratio) of at least five. 

Applicant has discovered that fibrous material can be advantageously used in a 
battery to increase the amount of electrolyte contained in the battery relative to an 
30 otherwise substantially similar battery that does not contain the fibrous material. For 
example, in a lead acid battery where the electrolyte (e.g., sulfuric acid) is a reactant in 
the discharge reaction, increasing the amount of electrolyte present in the battery can 
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increase the energy content of the battery. Some or all of the fibrous material can be 
disposed, for example, within a volume of the battery (e.g., the head space and/or fringe 
volume) that might not otherwise contain a material that is an electrolyte and/or 
reactant in the discharge reaction of the battery. Optionally, a portion of the fibrous 
5 material can be incorporated in one or more components of the battery, such as one or 
more separators, anode plates and/or cathode plates. 

In one aspect, the invention features a battery that includes a case a cell 
disposed within the case, and a fibrous material disposed within the case so that at least 
some of the fibrous material is between the cell and the case. The cell includes a 
10 plurality of plates and a plurality of separators. The plates and separators are arranged 
so that, for each pair of adj acent plates, one plate forms an anode plate and the other 
plate forms a cathode plate, and a separator is disposed between the anode plate and the 
cathode plate. 

In another aspect, the invention features a process for manufacturing a battery 
15 having a case. The process includes combining a fibrous material with an electrolyte 
and disposing the fibrous material and the electrolyte in the case of the battery. 

In some embodiments, the fibrous material and the electrolyte form a mixture 
before being disposed in the case, and the process includes filtering the mixture to 
remove at least some of the fibrous material from the mixture before disposing the 
20 fibrous material and the electrolyte in the case. The electrolyte can disposed in the case 
before, after or at the same time as the fibrous material is disposed in the case The 
case can be substantially devoid of any electrolyte before the electrolyte is disposed in 
the case. 

In a further aspect, the invention features a process for manufacturing a battery 
25 having a case. The process includes constructing a cell in the case of the battery and, 
after constructing the cell, disposing a fibrous filler in the case. The cell is formed of a 
plurality of plates and aplurality of separators. The plates and separators are arranged 
so that, for each pair of adjacent plates, one plate forms an anode plate and the other 
plate forms a cathode plate, and a separator is disposed between the anode plate and the 
30 cathode plate. 

The process can further include disposing an electrolyte in the case The 
electrolyte can be disposed in the case before, after or at the same time as the fibrous 
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material is disposed in the case. The case can be substantially devoid of any electrolyte 
before the electrolyte is disposed in the case. 

Embodiments of the invention can include one or more of the following aspects. 

The battery can be, for example, a lead acid battery, such as a valve regulated 
lead acid battery of the absorbed glass mat type, a flooded valve regulated lead acid 
battery, or a gel valve regulated lead acid battery. The battery can further include 
sulfuric acid within the case. Some of the sulfuric acid can be adsorbed on the fibrous 
material, and some of the sulfuric acid can be adsorbed in the separators. 

The battery can be, for example, a nickel metal hydride battery. 

The fibrous material can have an acid absorption of at least 50%. 

The fibrous material can be formed of, for example, a polymeric material or a 
siliceous material (e.g., C glass). In some embodiments, the fibrous material is an 
inorganic material. In certain embodiments, the fibrous material is an organic material. 
In some embodiments, some of the fibrous material is an inorganic material, and some 
of the fibrous material is an organic material. 

In some embodiments, at least one weight percent of the fibrous material passes 
through a 10x10 mesh during the shake test. In certain embodiments, at least five 
weight percent of the fibrous material passes through a 8x8 mesh during the shake test. 
In some embodiments, at least five weight percent of the fibrous material passes 
through a 6x6 mesh during the shake test. 

The fibrous material can be disposed in a gelling agent. 

The fibrous material can be mixed with particles of a material, such as silica 
particles. 

The fibrous material can have an average length of from 0.1 millimeter to 1.5 
millimeters. The fibrous material can have an average diameter of less than 40 
microns. The fibrous material can have an average aspect ratio of less than 1,500. 

A portion of the fibrous material can be disposed in the battery head space. A 
portion of the fibrous material can be disposed in the battery fringe volume. At least 
some of the fibrous material can be adsorbed in at least one of the separators. 

In some embodiments, a battery containing fibrous material (e.g., in the head 
space and/or fringe volume) can exhibit a higher energy content than an otherwise 
substantially similar battery that does not contain the fibrous material. 
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In certain embodiments, a battery containing fibrous material (e.g., in the head 
space and/or fringe volume) can exhibit reduced corrosion relative to an otherwise 
substantially similar battery that does not contain the fibrous material. 

In some embodiments, a battery containing fibrous material (e.g., in the head 
space and/or fringe volume) can exhibit increased thermal conductivity relative to an 
otherwise substantially similar battery that does not contain the fibrous material. 

Features, objects and advantages of the invention are in the description, 
drawings and claims. 

DESCRIPTION OF DRAWINGS 

Fig. 1 isapartially cut away perspective view of an embodiment ofavalve 
regulated lead acid battery of the absorbed glass mat type; 

Fig. 2 is a cross-sectional view of an embodiment of a valve regulated lead acid 
battery of the absorbed glass mat type that contains fibrous material in its head space; 
and 

Fig. 3 is a cross-sectional view of an embodiment of an apparatus for modifying 
the average length of an association of fibers. 

DETAILED DESCRIPTION 

Fig. 1 shows a valve regulated lead acid battery 100 of the absorbed glass mat 
type. Battery 100 includes a case 102 having side walls 103a, 103b, 103c and 103d. 
Case 102 also has a bottom 107 and a cover 104 with a vent 106 disposed therein. Case 
102 contains anode plates 110 connected to a negative terminal 112 viaastrap 111, and 
cathode plates 120 connected to a positive terminal 122 via a strap 121. Separators 130 
are disposed between adjacent anode and cathode plates 1 10 and 120, respectively. 
Case 102 also contains sulfuric acid (e.g., an aqueous sulfuric acid solution). Battery 
100 has a volume 140 between cover 104 and the top of plates 110 and 120, referred to 
herein as the head space, is substantially devoid of solid or liquid material. 

Fig. 2 shows an embodiment of battery 100 in which head space 140 contains a 
fibrous material 150. Typically, the fibrous material is capable of absorbing at least 
some electrolyte (e.g., sulfuric acid). For example, in some embodiments, the glass 
fibers have an acid absorption of at least 50% (e.g., at least 100%, at least 150%, at 
least 200%, at least 250%, at least 300%, at least 350%, at least about 400%, at least 
about 450O/O, at least about 500%, at least about 550%, at least about 600%, at least 
about 650%, at least about 700%, at least about 750%, at least about 800%, at least 
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about 850%, at least about 900%, at least about 950%, at least about 1,000%, at least 
about 1,050%, at least about 1,100%, at least about 1,200%, at least about 1,250%, at 
least about 1,300%, at least about 1,350%, at least about 1,400%, at least about 1,450%, 
at least about 1,500%, at least about 1,550%, at least about 1,600%). 

The acid absorption of a sample of a fibrous material is measured as follows. 
One gram of the fibrous material is placed in a dish (e.g., a petri dish). An amount of 
1.28 specific gravity sulfuric acid sufficient to wet and cover the fibrous material is 
placed on the fibrous material. The fibrous material is soaked in the sulfuric acid for 
five minutes. The fibrous material is removed from the sulfuric acid, placed on a 
screen and drained for one minute. The mass of the fibrous material is then measured 
to determine the wet mass of the fibrous material. The acid absorption is determined by 
the following equation. 

Acid absorption = ((wet mass in grams - one gram)/(one gram))*(100%)) 

Without wishing to be bound by theory, it is believed that including fibrous 
material capable of absorbing sulfuric acid in the head space of a lead acid battery can 
increase the amount of sulfuric acid that can be contained within the battery relative to 
a substantially similar lead acid battery that does not contain fibrous material in its head 
space because the fibrous material can be used to contain additional sulfuric acid 
beyond what is contained in the otherwise substantially similar lead acid battery that 
does not contain fibrous material in its head space. Further, because the sulfuric acid is 
a reactant in the discharge reaction of a lead acid battery, it is believed that including 
the fibrous material in the head space of a lead acid battery can result in a battery with a 
higher energy content than an otherwise substantially similar lead acid battery 1hat does 
not contain fibrous material in its head space. 

It is also believed that including a fibrous material capable of absorbing sulfuric 
acid in the head space of a lead acid battery can reduce the corrosion of certain 
components of the battery located within the head space (e.g., the straps that connect 
the plates to their respective terminals) relative to a substantially similar lead acid 
battery that does not contain the fibrous material in its head space because the 
components can tend to have a lower rate of corrosion when contacting the sulfuric 
acid-containing fibrous material than when contacting air. It is believed that, by 
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reducing the corrosion rate of the components, the components can be made of lower 
grade materials (e.g., relatively impure pure lead materials), which can reduce the cost 
of making the battery, reduce the complexity of making the battery, and/or increase the 
useful lifetime of the battery. 
5 It is further believed that including a fibrous material capable of absorbing 

sulfuric acid in the head space of a lead acid battery can increase heat conduction 
between the battery case and the plates/separators relative to a substantially similar lead 
acid battery that does not contain the fibrous material in its head space because, in 
general, the sulfuric acid-containing fibrous material conducts heat better than air 
10 conducts heat. It is believed that, by increasing the conduction of heat between the 
battery case and the plates/separators, the battery can operate at lower temperatures, 
which can reduce the cost of maintaining the battery, reduce the complexity of 
mamtaining the batter, increase the efficiency of the battery, and/or increase the useful 
life of the battery. 

15 In certain embodiments, the amount of fibrous material 1 50 (and associated 

sulfuric acid) used can determined based upon the bulk density of fibrous material 150. 
In particular, assuming that the volume of head space 140 is known, the mass of fibrous 
material 150 that can be disposed in head space 140 can be determined based on the 
bulk density of fibrous material 150. Further, the amount of sulfuric acid that can be 
20 disposed in head space 140 (associated with fibrous material 1 50) can be determined 
based on the acid absorption of fibrous material 150. Accordingly, the bulk density of 
fibrous material 150 can be selected depending upon the volume of head space 140, the 
amount of additional sulfuric acid desired (associated with fibrous material 150), and 
the acid absorption of fibrous material 150. In general, the bulk density of fibrous 
material 150 depends upon the average length and average diameter of fibrous material. 

In some embodiments, the fibrous material is formed of one or-more siliceous 
materials. While various types of glass fibers can be used, typically the glass fibers are 
relatively inert to lead acid battery storage and use conditions. In some embodiments, 
at least some (e.g., all) of the glass fibers contain a relatively small amount (e.g., less 
than one weight percent, less than 0.5 weight percent, less than 0.1 weight percent) of 
barium and/or zinc compounds (e.g., barium oxide, zinc oxide). In certain 
embodiments, at least some (e.g., all) of the glass fibers are formed of a type of glass 
commonly referred to as C glass. 
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Glass fibers are commercially available from, for example, Owens Corning 
(Toledo, OH), Johns Manville (Denver, CO), PPG (Pittsburgh, PA), Nippon Sheet Glass 
(Tokyo, Japan), Evanite Fiber Corporation (Corvallis, OR), and Hollingsworth & Vose 
Company (East Walpole, MA). Examples of commercially available glass fibers 
include PA-01 glass fibers (Hollingsworth & Vose), PA-10 glass fibers (Hollingsworth 
& Vose Company), PA-20 glass fibers (Hollingsworth & Vose Company), Evanite 408 
glass fibers (Evanite Fiber Company), Evanite 609 glass fibers (Evanite Fiber 
Company), Evanite 610 MB glass fibers (Evanite Fiber Company), Evanite 719 glass 
fibers (Evanite Fiber Company), Famix 1103-B1 glass fibers (distributed by, for 
example, Osthoff-Petrasch, Norderstedt, Germany), Famix 1103-D1 glass fibers 
(distributed by, for example, Osthoff-Petrasch), Famix 1107-B1 glass fibers (distributed 
by, for example, OsthofF-Petrasch), Famix 1107-D1 glass fibers (distributed by, for 
example, OsthofF-Petrasch), and Famix 1203-B1 glass fibers (distributed by, for 
example, Osthoff-Petrasch). 

In some embodiments, it is advantageous for the fibrous material to have good 
flow characteristics. For example, this can reduce the cost and/or complexity of 
assembling the battery (see discussion below). 

Table I shows flow characteristics of fibrous materials formed of glass fibers 
having different average lengths. The average length of the PA-10 was 359 microns, 
and the average length of the PA-20 was 154 microns. The data in Table I was 
measured by: placing a given weight of a sample of glass fibers on a mesh having a 
given size; shaking the sample for five minutes at 42 Hz using a Syntron shaker; and 
weighing the amount of the glass fibers that passed through the screen. This test is 
referred to herein as the shake test. 



Table I 



Fibers 


Mesh Size 


! Sample Wt 


Wt Passed 


% Sample 
Passed 


PA-01 


6x6 


5.047 g 


0.002 g 


0.04 


PA-01 


4x4 


5.087 g 


0.005 g 


0.10 


PA-10 


10x10 


5.052 g 


0.091 g 


1.80 


PA-10 


8x8 


5.038 g 


0.759 g 


15.07 


PA-10 ; 


6x6 


5.053 g 


4.161 g 


82.35 | 
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PA-10 


4x4 


J.UHj g 


A O A *J 

4.243 g 


84.10 


PA-10 


4x4 


5.098 g 


4.558 g 


89 41 


PA-20 


10x10 


5.098 g 


3.777 g 


74.09 


PA-20 


8x8 


5.053 g 


4.538 g 


89.81 


PA-20 


6x6 


5.045 g 


4.307 g 


85.37 



In certain embodiments, at least one weight percent (e.g., at least two weight 
percent, at least five weight percent, at least 10 weight percent, at least 15 weight 
percent, at least 20 weight percent, at least 30 weight percent, at least 40 weight 
percent, at least 50 weight percent, at least 60 weight percent, at least 70 weight 
percent) of the glass fibers pass through a 10x10 mesh during the shake test. 

In some embodiments, at least five weight percent (e.g., at least 10 weight 
percent, at least 15 weight percent, at least 20 weight percent, at least 30 weight 
percent, at least 40 weight percent, at least 50 weight percent, at least 60 weight 
percent, at least 70 weight percent, at least 80 weight percent, at least 90 weight 
percent) of the glass fibers pass through an 8x8 mesh during the shake test. 

In certain embodiments, at least five weight percent (e.g., at least 10 weight 
percent, at least 15 weight percent, at least 20 weight percent, at least 30 weight 
percent, at least 40 weight percent, at least 50 weight percent, at least 60 weight 
percent, at least 70 weight percent, at least 80 weight percent, at least 90 weight 
percent) of the glass fibers pass through a 6x6 mesh during the shake test. 

In certain embodiments, at least five weight percent (e.g., at least 10 weight 
percent, at least 15 weight percent, at least 20 weight percent, at least 30 weight 
percent, at least 40 weight percent, at least 50 weight percent, at least 60 weight 
percent, at least 70 weight percent, at least 80 weight percent, at least 90 weight 
percent) of the glass fibers pass through a 4x4 mesh during the shake test. 

As indicated in Table I, in some embodiments, flow characteristics of a fibrous 
material can improve as the average length of the fiber is reduced. 

In certain embodiments, the glass fibers have an average length of less than 1.5 
millimeters (e.g., less than 1.4 millimeters, less than 1.3 miUimeters, less than 1.2 
millimeters, less than 1.1 millimeters, less than one millimeter, less than 0.975 
millimeter, less than 0.950 millimeter, less than 0.925 millimeter, less than 0.900 
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millimeter, less than 0.875 millimeter, less than 0.850 millimeter, less than 0.825 
millimeter, less than 0.800 nnllimeter, less than 0.775 millimeter, less than 0.750 
millimeter, less than 0.725 miUimeter, less than 0.700 millimeter, less than 0.675 
millimeter, less than 0.650 millimeter, less than 0.625 millimeter, less than 0.600 
5 millimeter, less than 0.575 millimeter, less than 0.550 miUimeter, less than 0.525 
millimeter, less than 0.500 millimeter, less than 0.475 millimeter, less than 0.450 
millimeter, less than 0.425 millimeter, less than 0.400 millimeter, less than 0.375 
millimeter, less than 0.350 millimeter, less than 0.325 millimeter, less than 0.300 
millimeter, less than 0.275 millimeter, less than 0.250 millimeter, less than 0.225 

10 millimeter, less than 0.200 millimeter, less than 0. 175 millimeter, less than 0.1 50 
millimeter, less than 0.125 millimeter, less than 0.100 millimeter) and/or an average 
length of at least 0.100 millimeter (e.g., at least 0.125 miUimeter, at least 0.150 
miUimeter, at least 0.175 miUimeter, at least 0.200 millimeter, at least 0.225 millimeter, 
at least 0.250 millimeter, at least 0.275 mUlimeter, at least 0.300 millimeter, at least 

15 0.325 millimeter, at least 0.350 miUimeter, at least 0.375 millimeter, at least 0.400 

millimeter, at least 0.425 millimeter, at least 0.450 millimeter, at least 0.475 millimeter, 
at least 0.500 miUimeter). 

The average length of a sample of fibers is determined as follows. The fibers 
are placed on a slide and the fiber lengths are measured by visual inspection using a 

20 Leica DMLS microscope with a video camera (Meyer Instruments, Inc., Houston, 
Texas) using a magnification of from 20X to 200X. The average length is then 
calculated as the arithmetic mean of the measured fibers lengths. 

In some embodiments, the glass fibers have an average diameter of less than 40 
microns (e.g., less than 35 microns, less than 30 microns, less than 25 microns, less 

25 than 20 microns, less than 1 5 microns, less than 1 0 microns, less than five microns, less 
than three microns, less than 2.9 microns, less than 2.75 microns, less than 2.5 microns, 
less than 2.25 microns, less than 2.5 microns, less than 2.25 microns, less than two 
microns, less than 1.75 microns, less than 1.5 microns, less than 1.25 microns, less than 
one micron) and/or an average diameter of at least one micron (e.g., at least 1.25 

30 microns, at least 1 .5 microns, at least 1 .75 microns, at least two microns, at least 2.25 
microns, at least 2.5 microns, at least 2.75 microns, at least three microns, at least 3.5 
microns, at least four microns). In certain embodiments, the glass fibers have an 
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average diameter of from 0.7 microns to 6.25 microns (e.g., 0.9 microns, 1.35 microns, 
2.9 microns, 2.8 microns, 6.1 microns). 

The average diameter of a sample of fibers is determined by the BET method 
using argon gas. 

5 In certain embodiments, the glass fibers have an average aspect ratio of less 

than 1,500 (e.g., less than 1400, less than 1,300, less than 1,200, less than 1,100, less 
than 1,000, less than less than 900, less than 800, less than 700, less than 600, less than 
500, less than 400, less than 300) and/or an average aspect ratio of at least about five 
(e.g., at least 10, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, 
10 at least 110, at least 120, at least 130, at least 140, at least 150, at least 160, at least 170, 
at least 180, at least 190, at least 200, at least 250, at least 300, at least 350, at least 
400). 

The average aspect ratio of a sample of fibers refers to the ratio of the average 
length of the sample of fibers to the average diameter of the sample of fibers. 

In some embodiments, more than six weight percent (e.g., at least seven weight 
percent, at least eight weight percent, at least nine weight percent, at least 10 weight 
percent, at least 1 1 weight percent, at least 12 weight percent, at least 13 weight percent 
at least 14 weight percent) of a fibrous material can be lost during the hand sheet test. 
The hand, sheet test is performed as follows. A fibrous material is placed in a Hamilton 
20 Beach seven speed blender, and 550 milliliters of deionized (reverse osmosis) water is 
added to the blender. An amount of aqueous sulfuric acid (22 volume percent sulfuric 
acid) is added to the blender so that the mixture obtain a pH of 2.8. The blender is set 
to high and blended for 10 seconds. The blended mixture is poured into a TAPPI 
semiautomatic hand sheet mold with a 150 mesh screen, and the mold is turned on so 
25 that the blended mixture is formed into a hand sheet on the 150 mesh screen. The mold 
is then turned off, and the hand sheet is couched from the 150 mesh screen using 6.5 
pounds per square inch pressure. The hand sheet is rolled five times using a 25 pound 
roller, and then put in an oven at 1 87°C until dry. The mass of the dried hand sheet is 
then measured. The percent weight loss is the ratio of the mass of the dried hand sheet 
30 to the initial mass of the fibrous material times 100%. 

In general, the glass fibers can be prepared using various techniques. In some 
embodiments, glass fibers are prepared by reducing the average length of relatively 
long fibers. The relatively long fibers can have an average length of, for example, at 

10 



WO 2004/075315 

PCT/US2004/004949 

least five millimeters (e.g., at least 7 millimeters, at least 10 millimeters, at least 15 
millimeters, at least 20 miUimeters). For example, the glass fibers can be prepared by 
crushing longer fibers using the following procedure. A bale of relatively long glass 
fibers is put into a container, and a pressure (e.g., at least 50 pounds per square inch at 
5 least 75 pounds per square inch, at least 100 pounds per square inch, at least 125 
pounds per square inch, at least 150 pounds per square inch, at least 175 pounds per 
square inch, at least 200 pounds per square inch) is applied to the fibers to crush the 
fibers for a certain period time (e.g., at least one second, at least two seconds, at least 
three seconds, at least four seconds, at least five seconds, at least six seconds, at least 

10 seven seconds, at least eight seconds, at least nine seconds, at least 10 seconds) The 
crushing step is repeated as many times as desired (e.g., one time, two times, three 
tunes, four times, five times, six times, seven times, eight times, nine times, 10 times 
11 tunes, 12 times) until the fibers have the desired average length. In certain 
embodiments, the bale is rotated through an angle (e.g., five degrees, 10 degrees 20 

15 degrees, 30 degrees, 40 degrees, 50 degrees, 60 degrees, 70 degrees, 80 degrees 90 
degrees) between one or more of the crushing steps (e.g., between each crushing step, 
between every other crushing step). 

In some embodiments, the ratio of the average length of an association of glass 
fibers before crushing to the average length of the association of glass fibers after 

20 crushing can be at least 15 (e.g., at least 20, at least 25, at least 30, at least 35, at least 
40, at least 45, at least 50, at least 75, at least 100, at least 200, at least 250) and/or less 
than 500 (e.g., less than 250, less than 200). 

Fig. 3 is a cross-sectional view of an apparatus 300 for forming the glass fibers 
Apparatus has a compressor (e.g., a hydraulic compressor) 310 that exerts a pressure 

25 (e.g., at least 500 pounds per square inch, at least 1,000 pounds per square inch, at least 
1,500 pounds per square inch, at least 1,750 pounds per square inch). Compressor 310 
is m fluid communication with a cylinder (e.g., a hydraulic cylinder) 320 via a conduit 
315. Cylinder 320 is disposed within a housing 330 and includes a ram 322 that is used 
to transfer the pressure from cylinder 320 to a portion of a surface 342 of a platen 340 
30 Platen 340, in turn, exerts a pressure against the contents (e.g., a bale of glass fibers) 
disposed within an opening 350 in housing 330. Typically, the platen 340, ram 322 and 
cylinder 320 are configured so that the pressure exerted by platen 340 against the 
contents of opening 350 is less than the pressure exerted by compressor 310 against 
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cylinder wall 322. For example, the pressure exerted by platen 340 against the contents 
of opening 350 can be less than 90% (e.g., less than 80%, less than 70%, less than 60%, 
less than 50%, less than 40%, less than 30%, less than 20%, less than 10%) of the 
pressure exerted by compressor 310 along cylinder wall 322. 
5 During use of system 300, a bale of glass fibers is disposed in opening 350; ram 

322 exerts a pressure against platen surface 342; and the pressure from platen 340 is 
exerted against the glass fibers in opening 350 for a given period of time. In certain 
embodiments, this step is repeated with or without rotation of the bale between steps of 
applying pressure to the bale. In embodiments in which the step of applying pressure is 

10 repeated, the pressures used can be varied for different pressure application steps, or 
they can be substantially the same in each pressure application step. 

Anode plates 110 and cathode plates 120 can be formed of conventional lead 
acid battery electrode materials. In general, anode plates 110 contains lead, and 
cathode plates 120 contain lead dioxide. Plates 110 and/or 120 can also contain one or 

1 5 more reinforcing materials, such as chopped organic fibers (e.g., having an average 
length of 0.125 inch or more), metal sulfate(s) (e.g., nickel sulfate, copper sulfate), red 
lead (e.g., a Pb304-containing material), litharge, paraffin oil, and/or expander(s). 
Generally, an expander contains barium sulfate, carbon black and lignin sulfonate as the 
primary components. The components of the expander(s) can be pre-mixed or non pre- 

20 mixed. Expanders are commercially available from, for example, Hammond Lead 
Products (Hammond, IN) and Atomized Products Group, Inc (Garland, TX). An 
example of a commercially available expander is Texex® expander (Atomized Products 
Group, Inc., Garland, TX). In certain embodiments, the expanders), metal sulfate(s) 
and/or paraffin are present in anode plates 110, but not cathode plates 120. Optionally, 

25 anode plates 110 and/or cathode plates 120 can contain the fibrous material described 
herein. 

Separators 130 can be formed of conventional lead acid battery separator 
materials. In some embodiments, separators 130 can be formed of glass fibers (e.g., a 
mat of glass fibers) that contains electrolyte (e.g., sulfuric acid). 
30 In general, battery 1 00 can be assembled using any desired technique. 

In some embodiments, battery 100 is generally assembled as follows. Anode 
plates 110, cathode plates 120 and separators 130 are assembled in case 102 using 
conventional lead acid battery assembly methods. Sulfuric acid is then disposed in case 
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1 02, followed by addition of fibrous material to head space 140. Cover 104 is then put 
in place, and terminals 1 12 and 122 are added. The amount of sulfuric acid that is 
disposed within case 102 is sufficient to properly wet separators 130 and also to wet the 
fibrous material located in head space 140. This method can be advantageous because 
the battery is assembled using standard methods, except for the addition of the fibrous 
material subsequent to the addition of the sulfuric acid. 

In certain embodiments, the procedure noted in the preceding paragraph is used 
to assemble battery 100, except that the fibrous material is disposed in the head space 
prior to the addition of the sulfuric acid. 

In some embodiments, battery 100 is generally assembled as follows. Anode 
plates 110, cathode plates 120 and separators 130 are assembled in case 102 using 
conventional lead acid battery assembly methods. Sulfuric acid is then mixed with the 
fibrous material to wet, and optionally saturate, the fibrous material. The sulfuric 
acid/fibrous material mixture is then filtered, and the sulfuric acid is then disposed in 
case 102, followed by addition of fibrous material to head space 140. Cover 104 is then 
put in place, and terminals 112 and 122 are added. The amount of sulfuric acid that is 
disposed within case 102 is sufficient to properly wet separators 130. This method can 
be advantageous because the battery is assembled using standard methods, except for 
the addition of the formation and filtering of the sulfuric acid and fibrous material. But, 
an advantage of this method is that, by pre-wetting the fibrous material, additional 
sulfuric acid beyond what is used to wet separators 130 need not be added to case 102. 

In certain embodiments, the procedure noted in the preceding paragraph is used 
to assemble battery 100, except that the sulfuric acid and fibrous material are not 
filtered before being added to the battery case. In such embodiments, separators 130 
can filter the fibrous material, thereby forming a mat in the head space. 

The following examples are illustrative only and not intended as limiting. 

Example 1 

50 pounds of glass fibers were prepared as follows. 

50 pounds of PA-01 glass fibers (Hollingsworth & Vose Company) were 
formed into a bale. The bale was put into an apparatus as described above (1800 
pounds per square inch exerted by compressor, eight inch diameter hydraulic cylinder, 
four inch diameter ram, 19 inch by 25 inch platen), and a pressure of 190 pounds per ' 
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square inch was applied to the fibers for five seconds. The pressure was removed, and 
the bale was rotated 90 degrees. A pressure of 190 pounds per square inch was again 
applied to the fibers for five seconds. The resulting glass fibers had an average length 
of 359 microns and an acid absorption of 1,097%. Five samples of the resulting glass 
5 fibers had an average weight loss of 13.85% according to the hand sheet test, whereas 
five samples of PA-01 glass fibers had an average weight loss of 5.15% according to 
the hand sheet test. 

Example 2 

50 pounds of glass fibers were prepared according to the method described in 
10 Example 1, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of six times. The resulting glass fibers had an average length of 183 microns and an 
acid absorption of 292%. 

Example 3 

15 50 pounds of glass fibers were prepared according to the method described in 

Example 1, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of nine times. The resulting glass fibers had an average length of 1 54 microns and an 
acid absorption of 237%. 

20 Example 4 

50 pounds of glass fibers were prepared according to the method described in 
Example 1, except that: 1.) Evanite 408 glass fibers (Evanite Fiber Corporation), 
having an average fiber length of 387 microns and an average fiber diameter of 0.87 
microns, were used; and 2.) that the steps of applying a pressure of 190 pounds per 
25 square inch for five seconds and rotating the fiber 90 degrees between presses was 
repeated a total of three times. The resulting fibers had an average length of 150 
microns and an acid absorption of 1,845%. 

Example 5 

50 pounds of glass fibers were prepared according to the method described in 
30 Example 4, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of six times. The resulting fibers had an average length of 132 microns and acid 
absorption of 1,577%. 
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Example 6 

50 pounds of glass fibers were prepared according to the method described in 
Example 4, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of nine times. The resulting fibers had an average length of 1 12 microns and an acid 
absorption of 1,091%. 

Example 7 

50 pounds of glass fibers were prepared according to the method described in 
Example 4, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of 12 times. The resulting fibers had an average length of 1 15 microns and an acid 
absorption of 742%. 

Example 8 

50 pounds of glass fibers were prepared according to the method described in 
Example 1, except that: 1.) Evanite 609 glass fibers (Evanite Fiber Corporation), 
having an average fiber length of 258 microns and an average fiber diameter of 1.35 
microns, were used; and 2.) that the steps of applying a pressure of 190 pounds per 
square inch for five seconds and rotating the fiber 90 degrees between presses was 
repeated a total of three times. The resulting fibers had an average length of 148 
microns and an acid absorption of 1,274%. 

Example 9 

50 pounds of glass fibers were prepared according to the method described in 
Example 8, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of six times. The resulting fibers had an average length of 125 microns and an acid 
absorption of 901%. 

Example 1 0 

50 pounds of glass fibers were prepared according to the method described in 
Example 8, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of nine times. The resulting fibers had an average length of 108 microns and an acid 
absorption of 665%. 
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Examp le 1 1 

Glass fibers were prepared according to the method described in Example 8, 
except that the steps of applying a pressure of 1800 pounds per square inch for five' 
seconds and rotating the fiber 90 degrees between presses was repeated a total of 12 
times. The resulting fibers had an average length of 102 microns and an acid 
absorption of 430%. 

Examp les 19-7? 

A valve regulated lead acid battery of the absorbed mat type is assembled as 
follows. The anode plates, cathode plates and separators are assembled in a battery 
case using conventional lead acid battery assembly methods. Sulfuric acid is then 
disposed in the battery case, followed by addition of fibrous material to the battery head 
space. The battery cover is then put in place, and the terminals are added. The amount 
of sulfuric acid that is disposed within the case is sufficient to properly wet the 
separators and also to wet the fibrous material located in the head space. 

Table n lists the material used for the fibrous material in the batteries of 
Examples 12-22 



Example 


Fibrous Material 


12 


Glass fibers of Example 1 


13 


Glass fibers of Example 2 


14 


Glass fibers of Example 3 


15 


Glass fibers of Example 4 


16 


Glass fibers of Example 5 


17 


Glass fibers of Example 6 


18 


Glass fibers of Example 7 


19 

— 


Glass fibers of Example 8 




Glass fibers of Example 9 


21 


Glass fibers of Example 10 


22 


Glass fibers of Example 11 
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Examples 23-33 

Examples 12-22 are repeated, except that the fibrous material is disposed in the 
battery case before the sulfuric acid is added. 

Examples 34-44 

5 A valve regulated lead acid battery of the absorbed mat type is assembled as 

follows. Anode plates, cathode plates and separators are assembled in a battery case 
using conventional lead acid battery assembly methods. Sulfuric acid is then mixed 
with fibrous material to saturate the fibrous material. The sulfuric acid/fibrous material 
mixture is then filtered, and the sulfuric acid is then disposed in the battery case, 
10 followed by addition of fibrous material to the battery head space. The cover is then 
put in place, and the terminals are added. The amount of sulfuric acid that is disposed 
within the battery case is sufficient to properly wet the separators, but, because the 
fibrous material is pre-saturated, additional sulfuric acid beyond what is used to wet the 
separators is not added. 

1 5 Table m lists the material used for the fibrous material in the batteries of 

Examples 34-44. 



Table ITT 



Example 


Fibrous Material 


34 


Glass fibers of Example 1 


35 


Glass fibers of Example 2 


36 


Glass fibers of Example 3 


37 


Glass fibers of Example 4 


38 


Glass fibers of Example 5 


39 


Glass fibers of Example 6 


40 


Glass fibers of Example 7 


41 


Glass fibers of Example 8 


42 


Glass fibers of Example 9 


43 


Glass fibers of Example 10 


44 


Glass fibers of Example 11 
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E xamples 45^55 

Examples 23-33 are repeated, except that the mixture of sulfuric acid and 
fibrous is not filtered before being added to the battery case. 

Examp le Sfi 

5 50 pounds of glass fibers were prepared as follows 

5 «sofEva"^^ 
mto a bale. The bale was put into an apparatus as described above (1 800 pounds per 
square mch exerted by compressor, eight inch diameter hydraulic cylinder, four inch 
chameter ram, 19 inch by 25 inch platen), and a pressure of 190 pounds per square inch 
10 was apphe to the fibers for five seconds. The pressure was removed, and the bale was 
rotated 90 degree, A pressure of 190 pounds per square inch was again applied to the 
fibers for five seconds. This process of applying pressure and rotating 90 degrees was 
repeated an additional lOtime, Three samples of glass fibers prepared by this process 
had an average bulk density of 5. 1 pounds per cubic foot 

Example 57 

50 pounds of glass fibers were prepared aceording ,o the method described in 
Bxampfe 56, except tba, Ore steps of app.ying a pressure of , 90 pounds per square incb 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 

20 127^' ^"^"^'^^^^^Msprocesshadanaverage 
20 bulk density of 3.5 pounds per cubic foot. 

Examp le 58 

50 pounds of glass fibers were prepared according to the method described in 
Example 56, except ,ha. the glass fibers were 609 g.ass fibers (Evanite), and me steps 

25 " PreSSUre ° f P ° UndS ^ *"* fM flW ™°"<* ^ ^nng me 

fiher^Odegreeabetweenpresseawasrepea.eda.om.ofnmnes. Three samp.es of 
glass fibers prepared by this process had an average bulk density of 5. 1 pounds per 
cubic foot. y 

Examp le 5R 

^^^^^^preparedaccordingtomememoddescribedm 
Examp.e 58, except that tire steps of app.ying a prepare of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a tota, 
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of nine times. Three samples of glass fibers prepared by this process had an average 
bulk density of 3.6 pounds per cubic foot. 

Examp le 59 

50 pounds of glass fibers were prepared according to the method described in 
Example 58, except that the steps of applying a pressure of 190 pounds per square inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of sxx tunes. Three samples of glass fibers prepared by this process had an average 
bulk density of 3.7 pounds per cubic foot. 

Example 60 

50 pounds of glass fibers were prepared as described in Example 1 Three 
samples of the resulting glass fibers had an average bulk density of 5.0 pounds per 
cubic foot. 



Examp le 61 

50 pounds of glass fibers were prepared as described in Example 1 Three 
15 samples of the resulting glass fibers had an average bulk density of 5.1 pounds per 
cubic foot. 

Example 6?. 

50 pounds of glass fibers were prepared as follows. 
50 pounds of PA-10 glass fibers (Hollingsworth & Vose Company) were 
20 formed into a bale. The bale was put into an apparatus as described above (1800 

pounds per square inch exerted by compressor, eight inch diameter hydraulic cylinder 
four mch diameter ram, 19 inch by 25 inch platen), and a pressure of 190 pounds per ' 
square inch was applied to the fibers for five seconds. The pressure was removed and 
the bale was rotated 90 degrees. A pressure of 1 90 pounds per square inch was again 
25 applied to the fibers for five seconds. Three samples ofthe resulting glass fibers had an 
average bulk density of 5.1 pounds per cubic foot. 

Example 62 

50 pounds of glass fibers wore prepared aeeording to the method deseribed in 
Example 61, except that the steps of applying a pressure of ,90 pounds per square inch 
30 for five seconds and rotating me fiber 90 degrees betweon presses was repeated a total 
of stx tunes. Threo samples of glass fibers prepared by Otis proeess had an average 
bulk density of 1 1 .4 pounds per cubic foot. 
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Examp le fO 

50 pounds of glass fibers were p repared according to ^ method fa 
Example 61. except that ft. steps of applying . pressure of 190 pounds per 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total 
of mne times. Three samples of glass fibers prepared by mis process bad an average 
bulk density of 14.0 pounds per cubic foot. 

While certain embodiments have been describee, the invention is not limited to 
tnese embodiments. 

As an example, in general, the fibers can be formed of any desired material. For 
10 example, the fibers can be siliceous fibers or non-siliceous fibers, synthetic fibers or 
nonsynthetic fibers, organic fibers or inorganic fibers, polymeric fibers or 
nonpolymeric fibers, coated fibers or substantially noncoated fibers, hollow fibers or 
substantiallynonhoUow fibers, porous fibers or substantially nonporous fibers, metallic 
aersornonmetalfic fibers, or combinations .hereof. Examples of types of polymeric 
fibers rnclude substituted polymers, unsubstituted polymers, sabtrated polymers 
unsaturated polymers (e.g., aromatic polymers), organic polymers, inorganic poiymers 
stratgh. chained polymers, branched polymers, homopolymers, copolymers, and ' 
eombmations thereof. Examples of polymer fibers include polyalkylenes (e g 
polyethylene, polypropylene, polybutylene), polyesters (e.g., polyethylene 
terephthalate), polyamides (e.g., nylons, aramids), halogenated polymers (eg., teflons) 
and eombmations ftereof. Examples of other types of fibers include metallic fibers 
(e.g., fibers formed of materials containing transition metals or transition metal alloys) 
ceramtc fibers (e.g., fibers formed of materials containing one or more metal oxides ' 
such as titanafe fibers), metal coated fibers, alloy coated fibers, sulfide fibers, carbon 

fibers (e.g., graphite fibers), and combinations ftereof. Examples of some 
commercially available non-siliceous fibers include the Short Stuff family of 
polyethylene fibers, including ESS5F, ESS2F, E380F, E400F, E780F, E990F, ESS5M, 
ESS2M, E40OM, E780M, E990M, ESS50F, E385F, and E795F (distiibuted by for 
example, MiniFibers, Inc., Johnson City, TN). Additional examples of some ' 
30 commercially available non-siliceous fibers include the Short Stuff family of 
polypropylene fibers, including Y600F, Y600M (distributed by, for example 
MiniFibers, Inc.). ' 
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As another example, the fibers can be made by various processes. In some 
embodiments, the fibers are made by hammermilling into a desired size, commonly 
referred to as milled fibers. Such fibers are commercially available from, for example, 
Owens-Coming (e.g., 731EC, 731ED, 737BC, 737BD, 739DC and 739DD). In some' 
embodiments, milled fibers can have an average length of about 16 microns. In certain 
embodiments, the fibers can be cut to a desired size. In some embodiments, the fibers 
can be chopped into a desired size. Examples of some commercially available chopped 
fibers include the above-noted members of the Famix family of fibers. In some 
embodiments, combinations of processes can be used to manufacture the fibers. 

As another example, at least some (e.g., all) of the glass fibers can be 
substantially noncoated. A substantially noncoated fiber means a fiber which, prior to 
being incorporated into anode material 114 or cathode material 124, has a coating (e.g., 
a metal coating, a metal oxide coating, an alloy coating) on less than 90 percent (e.g 
less than 80 percent, less than 70 percent, less than 60 percent, less than 50 percent, less 
than 40 percent, less than 30 percent, less than 20 percent, less than 10 percent, less 
than five percent, less than four percent, less than three percent, less than two percent, 
less than one percent) of its surface. 

As a further example, at least some (e.g., all) of the glass fibers can be 
substantially nonhollow. A substantially nonhollow fiber, as referred to herein, means 
a fiber which has an internal volume that is at least 10 percent (e.g., at least 20 percent 
at least 30 percent, at least 40 percent, at least 50 percent, at least 60 percent, at least 70 
percent, at least 80 percent, at least 90 percent, at least 95 percent, at least 96 percent, at 
least 97 percent, at least 98 percent, at least 99 percent) solid. 

As an additional example, at least some (e.g., all) of the glass fibers can be 
substantially nonporous. A substantially nonporous fiber, as referred to herein, means a 
fiber which has a surface with less than 95 percent (e.g., less than 90 percent, less than 
80, less than 70 percent, less than 60 percent, less than 50 percent, less than 40 percent, 
less than 30 percent, less than 10 percent) formed of pores. 

As another example, in general, the fibrous material can be present in any 
desired portion of the battery. In some embodiments, the fibrous material can be 
present in one or more anode plates, one or more cathode plates and/or one or more 
separators. In certain embodiments, the fibrous material can be present in the volume 
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of the battery between the sides and bottom of the anode plates and cathode plates, 
referred to herein as the fringe volume. 

As a further example, the fibrous material can be used in any desired battery, 
such as, for example, flooded valve regulated lead acid batteries, gel valve regulated 
lead acid batteries, and nickel metal hydride batteries. 

As an additional example, the fibrous material can contain materials in addition 
to the fibers. In some embodiments, the fibrous material can contain one or more 
gelling agents. In certain embodiments, the fibrous material can contain particles of a 
material (e.g., silica particles). 

As another example, electrolytes other than sulfuric acid can be used. For 
example, the electrolyte can be a hydroxide (e.g., potassium hydroxide). 

Other embodiments are in the claims. 
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